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In a previous paper (1), the influence of some fifteen proteins on the reacti- 
vation of  yeast invertase  was  described.  Since  certain  proteins  of  a  non- 
enzymatic nature partially  inhibited the reactivation, it appeared interesting 
to study the effect of amino acids on the reactivation. 
The experimental details used in this investigation were the same as those 
previously described, except that the stock solution of each enzyme prepara- 
tion  was  made  up  so  that  the  phosphate-citrate  buffer  concentration  was 
0.2 ~,  instead of 0.015 ~r. 
Three preparations which represent extremes in the degree of purification of 
invertase were used.  These were (1) a commercial preparation sold under the 
trade name of convertit, a product of the Wallerstein Co., of New York, which 
contains  relatively  larger  amounts  of  extraneous  material  than  the  other 
preparations, (2) RNaDKD, and (3) a highly purified preparation RlaDKDA- 
(S)DAD (preparations 2 and 3 having been made according to the method of 
Lutz and Nelson  (2)).  The symbols represent the following: R  ---  brewery 
yeast obtained through the kindness of Jacob Ruppert Brewery, N. Y., RI -- 
dilute acid autolysis of brewery yeast (2), RN  =  neutral autolysis (2), a  = 
alcohol precipitation,  D  =  24  to 48 hour dialysis,  K  ---- kaolin adsorption, 
(S)  =  soluble  after  saturating  with  ammonium  sulfate  (2),  A  =  alumina 
adsorption. 
Since the quantity of preparation 3 on hand was limited, most experiments 
(unless otherwise indicated) were carried out at least in duplicate using prepa- 
rations 1 and 2.  Each result in the following section is therefore an average 
of  4  determinations.  Before  reactivation  experiments  can  be  done,  it  is 
necessary to determine the optimum pH of reactivation for each preparation, 
and to adjust the alkali for reactivation to obtain this pH because at this point 
minimum change in velocity occurs with slight change in pH. 
Effect of Compounds not Containing  Stl or S-S Groups 
For these experiments the initial invertase strength was  diluted to give a 
reactivation velocity of from 0.03°/minute  to  0.07°/minute.  10 mg. of the 
compound was used in each experiment.  (The reason for using this quantity 
will be given in a later section.)  Accelerations or inhibitions up to 10 per cent 
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are of no significance in this type of experiment.  The results for the mono- 
amino acids were as follows: for d/-alanine, an inhibition of 5 per cent; glycine, 
6 per cent acceleration; d-glutamic acid, 4 per cent inhibition; hydroxyvaline, 
10 per cent acceleration; /-leucine,  2 per cent acceleration; phenylalanine 3 
per cent acceleration; d/-methionine,  10 per cent acceleration, l-tryptophane, 
2 per cent acceleration; /-tyrosine,  7 per cent inhibition;  valine,  6  per cent 
acceleration,  and s-benzyl-homocysteine, 14 per  cent  inhibition.  Using  the 
dipeptides glycyl-glycine and d/-alanyl-glycine, accelerations of 10 and 8 per 
cent respectively were obtained.  For the tripeptides: di-glycyl-glycine gave 
8 per cent acceleration, alanyl-leucyl-glycine 0 per cent, and glycyl-d/-leucyl- 
d/-alanine, 2 per cent acceleration.  It can, therefore, be stated  that  these  16 
compounds did not appreciably affect the  reactivation of yeast invertase. 
Influence of Cysteine, Itomocysteine, and Reduced Glutathione 
However, the average of the reactivation experiments (using all three inver- 
tase preparations)  with  cysteine resulted in an acceleration of 230 per cent, 
while reduced glutathione  (on invertase preparations 1 and 2)  resulted in an 
acceleration of 159 per cent.  When the same  quantity of cysteine was left 
in contact with invertase at pH 4.7 and 6.0 for 75 minutes (the same length of 
time as  in  the  reactivation experiments),  an  inhibition of 0.9 per cent was 
obtained.  Glutathione added  to invertase solution at pH 4.6 for the same 
length of time resulted in an inhibition of 4 per cent.  Thus, cysteine and gluta- 
thione did not alter the velocity of native invertase, but resulted in greater 
velocities in the reactivation experiments.  Attention was  therefore directed 
towards the effect of some SH and S-S compounds on reactivation. 
Other thiol compounds and their accelerative effects on the reactivation were 
as follows: homocysteine, 290 per cent; thioglycollic acid, 90 per cent; and thio- 
phenol, 220 per cent.  (Because of the slight solubility in water of homocysteine 
and thiophenol, each of these was first dissolved in 1 ml. of 95 per cent alcohol. 
Also, 1 ml. of 95 per cent alcohol was added to the control experiment.) 
Then  cystine,  oxidized glutathione  (3),  and  homocystine were  added  to 
separate portions of invertase at pH 4.7 and these solutions were allowed to 
stand for 100 minutes.  Accelerations of 6, 0, and 0 per cent were noted, re- 
spectively.  However, the inhibitions obtained with each of these compounds 
in the reactivation experiments were as follows: with 10 rag.  cystine, 52 per 
cent; 5 rag. oxidized glutathione, 60 per cent inhibition; and 10 mg. homocys- 
tine, 85 per cent inhibition.  Thus, an antagonistic effect on the reactivation 
velocity was obtained by the use of the above SH and S-S compounds.  (Be- 
cause of the insolubility of cystine and homocystine each was first dissolved 
in separate portions of the HC1 used for inactivation.) 
When the H of homocysteine was blocked by a methyl or a benzyl group the 
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caused  a  10  per  cent  acceleration and  that  s-benzyl homocysteine gave an 
inhibition  of  14  per  cent. 
In this connection, it is interesting to mention some references to the growing litera- 
ture on  the effect of SH compounds  on various native enzymes.  Grassmalm and 
Dyckerhoff (4) showed the activating effect of SH on yeast proteases.  Shortly there- 
after, Waldschmidt-Leitz et at.  (5,  6)  reported a  similar activation of mammalian 
tissue proteases.  They found an activator which increased as autolysis proceeded, 
and this was later identified as glutathione (7).  Anson (8) showed that polypeptidase 
is activated by cysteine.  Fruton, Irving, and Bergmann (9) concluded  that splenic 
cathepsin is a multiple proteinase, some of whose factors require sulfhydryl activation, 
and some of which do not.  Rapkine (10, 11) showed that the enzyme which catalyzes 
the oxido-reduction between triosephosphate and pyruvate is inactivated by oxidation 
with oxidized  glutathione.  If excess oxidized  glutathione is dialyzed away, the en- 
zyme can be reactivated by reduced glutathione or cysteine, the latter being more 
rapid in its action.  Bailey and coworkers (12) conclude  that one of the enzymes 
involved in the primary cleavage of tissue proteins is activated by cysteine, thiocresol, 
and  thioacetic  acid. 
The invertase experiments reported in this paper differ in that the sulfhy- 
dryl and disulfide compounds mentioned did not alter the velocity of native 
invertase.  However, these same sulfhydryl compounds resulted in a  greater 
velocity  in  the  reactivation  experiments,  whereas  the  disulfide  compounds 
inhibited the reactivation of invertase. 
Bailey  and  coworkers  (12)  demonstrated  that  at  the  same pH  at  which 
cysteine increased the rate of hog liver autolysis (pH 4), the autolysis in the 
presence of a  quantity of KIOa sufficient to abolish the SH reaction was con- 
siderably reduced.  In view of these facts, it was decided to try KIO3 on in- 
vertase.  10  rag.  of  KIO3 did  not  affect native  invertase but  inhibited  the 
reactivation to the extent of 88 per cent. 
Addition  of  Cysteine at  Different  Points in the  inactivation  and  Reactivation 
Process 
The following question  then presented  itself: What is the effect of adding 
cysteine  at  different  points  in  the  inactivation  and  reactivation  process? 
This series of experiments was carried out using RNaDKD.  When cysteine 
was  added  1  minute  after inactivation  an  acceleration of  230  per cent was 
obtained;  but  when  added  29  minutes  after  inactivation  (and  therefore  1 
minute before reactivation)  the acceleration was 181  per cent.  The control 
velocity in each case was 0.042°/minute. 
An increase in the reactivation rate is obtained whether the cysteine is added 
to the invertase before inactivation, immediately after inactivation, and imme- 
diately before reactivation.  The longer the  cysteine remains in contact with 
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This seems to  suggest some definite chemical reaction between  the  cysteine 
and the product or products obtained on acid  inactivation of the yeast inver- 
tase,  or perhaps a  reaction between  cysteine and  some possible inhibitor  of 
reactivation. 
The  Effect  of  Varying  Quantities  of Glutathione  on  the  Reactivation  Velocity 
The results are shown in Table I.  Preparation II was used in this series. 
The control rate was 0.06°/minute.  The largest accelerative effect under  the 
experimental conditions used is in the neighborhood of 10 mg. of glutathione. 
TABLE I 
Glutathione  Acceleration 
10 
5 
2 
0.5 
0.4 
141 
126 
93 
15 
2 
TABLE  II 
Rate of reactivated enzyme  Acceleration 
0.037 
0.042 
0.06 
0.106 
0.286 
0.310 
per ¢xf~| 
267 
232 
152 
68 
39 
30 
For this reason it was not found necessary to use larger quantities in the reac- 
tivation experiments.  Likewise, it had previously been found (1) that where- 
ever inhibitory effects of proteins were obtained, a quantity beyond 10 rag. did 
not  appreciably alter the reactivation  rates. 
The Effect of Control Rate on Per Cent Acceleration 
Finally,  it was decided  to study the  effect of using  the  same quantity  of 
accelerant  (10  rag.  cysteine)  and  to  reactivate  solutions  of varying enzyme 
concentration, in order to obtain different reactivation rates.  The results are 
listed  in  Table II.  Preparation  I  was  used  in  this  set  of experiments.  It 
can be  seen  that  the  lower  the  rate  of reactivated  control,  the greater  the 
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SUMMARY 
1.  Some 16 amino acids (not containing SH or S-S groups) did not affect the 
reactivation of yeast invertase inactivated by acid. 
2.  Cysteine,  reduced glutathione,  homocysteine,  thiophenol,  and  thiogly- 
collic acid accelerated the reactivation of yeast invertase. 
3.  Cystine, oxidized glutathione, and homocystine inhibited the reactivation 
of yeast invertase. 
4.  The compounds mentioned in 2 and 3 did not affect native invertase. 
5.  The use of compounds in which the H  of the SH group of homocysteine 
was substituted by a methyl or benzyl nullified the accelerative effect. 
6.  The longer the cysteine remained in contact with the inactivating enzyme, 
the greater was the velocity of the reactivated invertase. 
7.  The per  cent acceleration by cysteine is  inversely proportional to  the 
control rate. 
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